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© A method and apparatus for producing fine line 
patterns on insulating surfaces utilizing a conductive 
spring-like cantilever having a pointed tip which is in 
proximity to the surface to be affected. Electrons 
emitted from the tip travel toward the insulator sur- 
face and cause changes therein or affect molecules 
located in the proximity of the insulator surface. 
Tunneling current is not required, and a highly con- 
ducting return current path for electrons through the 
insulator is not necessary. The incident electrons 
can be used to provide patterned, narrow-width fea- 
tures either by deposition of a material onto the 
insulator surface, or by producing etching in lo- 
calized regions of the insulator surface, or by chang- 
ing the insulator surface so that it can be etched. 
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This invention relates to an apparatus and 
method for providing very narrow linewidth patterns 
of deposited material on, or etched regions in, an 
insulating substrate, and more particularly to such 
a technique in which narrow linewidth features can 
be provided by using a very fine tip without the 
need for a highly conductive material in the sub- 
strate. 

Conventional lithographic techniques are well 
known in the manufacture of miniaturized electronic 
and magnetic circuits. In particular, photoresist lay- 
ers are often used, where the photoresist layer is 
pattern-wise exposed and developed to provide a 
pattern which is then used for the deposition of a 
material or etching of the substrate on which the 
photoresist layer is located. The resolution obtain- 
able in these photolithographic processes is limited 
by diffraction effects, which are in turn related to 
the wavelength of the light used in the exposure 
step. 

In order to increase resolution, electron beam 
lithography is used. In this type of lithography, a 
deposited electron-sensitive resist layer is pattern- 
wise exposed, typically using an electron beam 
which is scanned across the resist layer and is 
turned on and off so as to form the desired expo- 
sure image in the resist layer. The resist is then 
developed in a manner similar to that used in 
photolithography. In electron beam lithography, res- 
olution is limited primarily either by electron scat- 
tering effects in the material being radiated or by 
the diameter of the electron beam (if the beam 
diameter is too large). In particular, tightly focussed 
beams are provided by increasing the voltages that 
are used; however, increased energy beams lead 
to an increased energy of backscattered electrons, 
which have greater ranges and expose greater vol- 
umes of material. This in turn clouds the image 
produced by the electron beam exposure. 

While it has been recognized in theory that 
electron scattering effects may be reduced by 
lowering the energy of the electrons in an electron 
beam, the minimum achievable beam diameter in 
conventional electron beam machines increases as 
the energy of the electrons in the beam is reduced. 
This occurs due to chromatic aberration in the 
magnetic and/or electronic lenses of such such 
apparatus, among other causes. Consequently, as 
the energy of the electrons in a conventional elec- 
tron beam apparatus is reduced, the resolution 
actually deteriorates rather than improves because 
of the increasing beam diameter. 

The need for high performance integrated de- 
vices and for further miniaturization has led to an 
improvement in providing such devices and cir- 
cuits, as described in U.S. 4,785,189 by Oliver C. 
Wells, assigned to the present assignee. That ref- 
erence recognizes that solutions to these two prob- 



lems are not readily consistent since, if one of the 
resolution-limiting problems is corrected, the other 
is worsened. In order to overcome this, the refer- 
ence utilized a different apparatus for providing a 

5 very narrow electron beam, the apparatus being a 
pointed tip from which electrons are emitted. Since 
the provision of a very narrow electron beam is 
achieved without large focussing voltages, the en- 
ergies of electrons in the beam from the pointed tip 

w are very small. This in turn solved the backscat- 
tering problem. 

While a pointed tip or stylus is used in U.S. 
4,785,189, such a technique and apparatus re- 
quires that the substrate contain a conductive layer 

75 in order to provide a return path for the tunneling 
current that is used to expose the electron-sen- 
sitive material. However, in the fabrication of many 
devices and circuits, substrates do not contain a 
conductive layer. Even if a conductive layer is 

20 present the insulating layer, which must be ex- 
posed, is often too thick to allow the passage of 
low energy electrons therethrough. Thus, while U.S. 
4,785,189 is very useful for the exposure of very 
thin electron-sensitive resist layers or resist layers 

25 having a conductive layer located thereover, such a 
technique cannot be used where no highly conduc- 
tive return path is provided for the tunneling elec- 
tron current from the pointed tip, or stylus. 

In a typical scanning tunnelling microscope 

30 (STM), a voltage of 0.1-1 volts is applied between 
the electron emitting tip and the conducting sub- 
strate, which is sufficient to drive a current in the 
nanoamp range continuously through the circuit. 
For a less highly conducting substrate return path, 

35 the currents are too weak to use to adjust the tip- 
to-substrate distance (Z) accurately. This is particu- 
larly apparent when the tip is to be scanned across 
the insulating substrate. In an STM, the pointed tip 
may be damaged if it has to be moved in a 2- 

40 direction to hunt for the substrate surface and then 
runs into the substrate surface. To solve this prob- 
lem, the present invention uses a conductive point- 
ed tip attached to a conducting cantilever to be 
able to accurately establish the desired tip-to-sub- 

45 strate distance even when the tip is scanned in the 
X-Y plane across the insulating substrate. This op- 
eration is similar to the movement of a pointed tip 
in an atomic force microscope (AFM) as described 
in U.S. Patent 4,724,318. 

50 Accordingly, it is a primary object of the 
present invention to provide an apparatus including 
a pointed tip and method for producing very narrow 
linewidths on substrates which do not include high- 
ly conductive layers serving as a current return 

55 path for electrons from the pointed tip. 

This invention as claimed provides an appara- 
tus including a pointed tip and method for affecting 
insulating materials, without the need for providing 
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a highly conducting path through the insulating 
materials to the apparatus used to affect the in- 
sulating material. 

It further provides an apparatus including a 
pointed tip, or stylus from which a very narrow 
beam of electrons can be emitted, and to utilize the 
narrow beam of electrons to affect an insulating 
material, there being no highly conductive return 
current path for said electrons, for producing very- 
fine linewidth depositions on a highly insulating 
material or etched regions in the highly insulating 
material. 

The invention discloses an improved technique 
which adapts the spatial resolution advantages pos- 
sible with the use of the pointed tip or stylus to the 
provision of very narrow linewidth patterns on in- 
sulating materials of many thicknesses. 

In the practice of this invention, a pointed tip, 
or stylus, is used to emit electrons which travel to 
an insulating layer and cause effects thereon, there 
being no means for providing a highly conductive 
return current path for the emitted electrons. The 
pointed tip or stylus is comprised of a conductive 
material and is connected to a conductive spring or 
cantilever, which can be moved in X,Y or Z direc- 
tions with respect to the insulating layer. The in- 
sulating layer can also be moved in X,Y and Z 
directions with respect to the pointed tip, or stylus. 
The spring or cantilever with the conductive point- 
ed tip is attached to a voltage source for applying 
either a positive, negative or zero voltage to the 
pointed tip in order to effect the emission of elec- 
trons therefrom. Interferometer or other techniques 
as known in the art are used to determine the exact 
position of the pointed tip relative to the insulating 
layer. Thus, this apparatus has structure similarities 
to an atomic force microscope. In such an appara- 
tus, a sharp point is brought close to a surface of a 
sample to be investigated and the forces occurring 
between atoms at the apex of the point and those 
at the surface layer cause the spring-like cantilever 
to deflect. Deflection of the cantilever is monitored 
as the sharp point is moved across the surface of 
the layer to be examined. In this manner a topo- 
graphic or other image of the surface is obtained. 
In a prepared embodiment of the AFM, the pointed 
tip is vibrated at high frequencies to increase the 
signal to noise ratio, thereby increasing the accu- 
racy of the Z-coordinate measurement. 

In the present invention, the pointed tip and the 
spring-like cantilever are comprised of conductive 
materials so that a voltage can be applied to the 
pointed tip to cause electron emission therefrom. 
Since a highly conducting return current path is not 
required, and since tunnelling into a solid is not 
required, this invention can be used to provide high 
resolution depositions on or etched regions in in- 
sulating materials, over a wide range of thickness 



of the insulator. 

The electrons ejected from a pointed tip into 
vacuum tunnel from the material of the tip into the 
vacuum and are then accelerated in the electric 

5 field surrounding the tip. When the electrons land 
on a surface, they have a range in the material 
depending on the electron energy. 

The electrons have a relatively long range at 
very low energies, which decreases to a minimum 

to of (typically) 0.5 nm at an electron energy typically 
between 5 and 50 volts, and then increases again 
so that the range is about 10nm for electrons of 
about 5000 volts. 

When used in a direct-write mode, a gas ca- 
rs pable of being dissociated or decomposed is lo- 
cated between the pointed tip and the insulating 
substrate or adsorbed on the insulating substrate. 
As an alternative, the insulating layer can be a 
resist layer which is electron-sensitive. A highly 

20 conducting substrate is not required, and the* in- 
sulating resist layer or layers can be very thick. 
Another use of the present invention is for the 
localized charging of the insulator surface and then 
the exposure of the charged surface to an oppo- 

25 sitely charged gas or particle cloud. Depending 
upon the gas or particle cloud, material will be 
deposited in the localized charged areas of the 
insulator, or these localized charged areas will be 
etched. Thus, in the practice of this invention, the 

30 advantages to be obtained by the very narrow 
beam width of the electrons emitted from a pointed 
tip are extended to allow utility with materials which 
could not heretofore be addressed with such ap- 
paratus, viz, insulating materials and particularly 

35 those insulating materials having thicknesses in 
excess of about 10nm. 

The pointed tip in this invention may also be 
used as a source of positively charged atoms or 
molecules. A material such as gallium metal may 

40 be ionized at the pointed tip and accelerated in the 
field of the tip to produce a fine ion beam. 

These and other objects, features, and advan- 
tages will become apparent from the following 
more particular description taken in conjunction 

45 with the accompanying drawings. 
Fig. 1 

is a schematic view of an apparatus sufficient to 
carry out the present invention, the apparatus 
including a pointed tip or stylus located in close 
so proximity to an insulating substrate. 
Figs. 2A-2C 

illustrate a particular use of this invention to 
pattern-wise expose an electron-sensitive resist 
layer in a process wherein an X-ray mask is 
55 formed. 
Fig. 3 

illustrates the use of this invention in a direct- 
write mode wherein fine line depositions are 
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produced on an insulating substrate. 
Figs. 4A and 4B 

illustrate an additional use of this Invention in 
which localized charged regions of an insulator 
can be contacted to produce localized etched 
regions in the insulator surface. 
Fig. 1 illustrates an apparatus which can be 
used to practice the present invention. This appara- 
tus includes a conductive pointed tip or stylus 10 
connected to a spring-like cantilever 12. A small 
reflective index mark 14 can be optionally provided 
on the cantilever for use in fine Z-positioning. Us- 
ing well known interferometric means a light beam, 
depicted by arrow 16, will be reflected from index 
mark 14 and can be used to exactly position the 
cantilever and the pointed tip 10. A piezoelectric 
member 18, or members, are located on the end of 
cantilever 12 and are used for X,Y and Z position- 
ing of the pointed tip 10 with respect to the sub- 
strate surface. A voltage source 20 is connected 
via lead 22 to the spring-like cantilever 12. Source 
20 can be used to provide positive, negative or 
zero voltages at the apex of tip 10. 

The pointed tip 10 can be moved across the 
substrate 24 in contact with substrate 24. When the 
tip is in the desired X-Y position, the pointed tip 10 
can be positioned at a set distance above the 
substrate 24, which in this case is illustrated as a 
resist layer 26 on a thick insulator layer 28. Resist 
layer 26 can be any of the well known electron- 
sensitive resist materials. Piezoelectric member 30, 
or members, are located behind insulating layer 28, 
and are used for X, Y and, Z optionally, positioning 
of the substrate 24. X, Y and Z controllers 32 are 
connected to piezoelectric members 18 and 30 in 
order to provide proper positioning of the substrate 
24 and the pointed tip 10, both laterally in the X, Y 
plane and in the Z-direction. 

Pointed tip 10 is comprised of a conducting 
material, or a conductive coating layer, as is the 
spring-like cantilever 12. Suitable materials for the 
pointed tip 10 include a metal such as tungsten, or 
a highly doped conductive semiconductor material, 
such as a boron-doped silicon member which can 
be machined in very precise dimensions, or boron- 
doped diamond. The cantilever 12 can be com- 
prised of a conducting metal, such as gold, or a 
highly doped silicon semiconductor. The advantage 
of using a doped semiconductor is that micro- 
machining techniques can be utilized to provide an 
integral pointed tip 10-cantilever 12 using known 
lithographic techniques. Examples of such tech- 
niques are shown in U.S. 4,668,865 and the re- 
ferences described therein. This patent is incor- 
porated herein by reference with respect to its 
teaching of a semiconductor pointed tip-cantilever 
structure. 

The dimensions of the pointed tip 10 are also 



well known in the art, wherein a tip having a radius 
of a curvature of about 1nm can be obtained. This 
type of tip is described in U.S. 4,668,865, and in 
U.S. Patents 4,724,318 and 4,343,993. A suitable 

s example of a X-Y positioning technique utilizing 
piezoelectric elements is shown in more detail in 
U.S. 4,422,002 as well as in IBM Technical Disclo- 
sure Bulletin, Vol. 27, No. 10B, page 5976 (1985). 
While a tunneling current is not required in the 

w present invention, it may be advantageous to pro- 
vide vibration attenuation devices if the pointed tip 
is to be carried at very close distances (in the nm 
range) from the insulator surface. Various attenu- 
ation devices have been described in the afore- 

15 mentioned references, and also in IBM Technical 
Disclosure Bulletin, Vol. 27, No. 5, page 3137 
(1984). 

The apparatus of Fig. 1 can be used to affect 
an insulating layer 26 to provide fine-line deposi- 

20 tions thereon, or etching of fine-line patterns in the 
insulator 26. It is not necessary to have a tunneling 
current between pointed tip 10 and substrate 24, 
and it is therefore not necessary to provide a 
substrate including a highly conducting current re- 

25 turn path. Because of this, any type of insulator can 
be used as the work piece, where such insulators 
include electron-sensitive resist materials and other 
non-electron-sensitive materials, such as quartz, 
polymers, and typical insulating materials such as 

30 silicon dioxide and silicon nitride. Depending on the 
separation between the pointed tip 10 and the 
surface of the insulator 26, low voltage electrons 
can be produced which will travel to the surface of 
the insulator 26. These electrons will be produced 

35 when a voltage is applied from source 20, utilizing 
the switch S. When the separation between the 
pointed tip 10 and the surface of insulator 26 is 
increased to more than about 1nm, field emission 
is used to emit electrons from the apex of pointed 

40 tip 10. It has been found that it will be possible to 
dissociate molecules on the surface of insulating 
layer 26 by bombardment with electrons having 
energies greater than about 5 eV. If the surface of 
insulator 26 is clean, then the molecules of certain 

45 gases will be disassociated at the clean surface. If 
there is a residue, such as H or F atoms or 
molecules on the surface on insulator 26, a higher 
electron energy (greater than 30 eV) will be re- 
quired to desorb these atoms or molecules. In such 

so a situation, the voltage V applied to the pointed tip 
is increased so that electrons in the beam emitted 
from the apex of tip 10 will have electron energies 
greater than about 30 eV. Once the H or F residue 
is removed, further reactions desired at the surface 

55 of insulator 26 can be achieved. 

Various embodiments will be shown wherein 
the invention can be used to expose a thick resist 
layer or a thin resist layer located on an underlying 
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thick insulating substrate, for example to manufac- 
ture an X-ray mask. Other embodiments will illus- 
trate the use of the apparatus of Fig. 1 to deposit 
fine-line patterns on insulators and to etch fine-line 
regions in an insulator layer. 

Figs. 2A-2C illustrate some steps in the manu- 
facture of an X-ray mask. In Fig. 2A, a thick 
(approximately 500 urn (microns)) silicon layer 34 
has been doped and etched using the openings in 
the thin resist layer 40 as a mask to provide 
regions 36A, 36B, and 36C of lesser thickness. A 
two-layer resist is located over the silicon layer 34, 
comprising a thick resist layer 38 and a thin layer 
resist layer 40. These resist layers are to be pat- 
terned for the selective deposition of an X-ray 
opaque material, such as a thick layer of gold. 

In Fig. 2B, the thin resist layer 40 is exposed to 
electrons from pointed tip 10, after which it is 
developed to leave openings therein. The thick 
resist layer 38 (to be used to provide a sufficiently 
thick gold layer) is then anistropically etched using 
the openings in the thin resist layer 40 as a mask 
to provide openings 42 which extend to the surface 
of silicon layer 34. An X-ray opaque material, such 
as gold layer 44, is then deposited onto the pat- 
terned resist layers, and onto the exposed surfaces 
of silicon layer 34, as shown in Fig. 2B. 

After a lift-off process which removes the resist 
layers 38 and 40, as well as the gold layer located 
thereon, the structure of Fig. 2C is obtained. This 
structure includes patterned gold layer 44 located 
on the silicon layer 34, where the silicon regions 36 
are sufficiently thin that X-rays will pass thereth- 
rough unless blocked by the gold layer 44. Thus, a 
structure is provided in which very fine gold layer 
patterns are produced by electron beam tech- 
niques but wherein high voltages are not required 
to focus the electron beam. Further, the pointed tip 
of Fig. 1 can be used to provide the narrow elec- 
tron beam at low voltage, even though no highly 
conductive return current path is required. 

Since the entire thick resist layer 38 is insulat- 
ing, the fine structures of Fig. 2C cannot be pro- 
vided at low electron beam energies with apparatus 
existing prior to this invention. 

Fig. 3 illustrates the use of the present inven- 
tion to provide a fine-line deposition directly on an 
insulating substrate in a direct-write process. This 
technique has some similarities to that shown in 
U.S. 4,550,257, but is significantly different in that 
the substrate does not provide a highly conducting 
current return path between the pointed tip 10 and 
the substrate. For ease of illustration, the same 
reference numerals will be used as were used in 
Fig. 1, if the referenced feature has the same 
function. In Fig. 3, the layer 26 may be an insulator 
which is not a resist layer. A gas, indicated by the 
wavy lines 46, is located in the vicinity of the 



pointed tip 10, and is present between the apex of 
the pointed tip and the insulation surface 26. When 
a voltage is applied from source 20 (Fig. 1) field 
emission can be used to create electrons which 

5 travel to the insulator surface and dissociate or 
decompose gas molecules located on or near the 
surface of insulator 26. This causes materials to be 
deposited from the dissociated gas molecules. An 
example is a gas such as tungsten hexafluoride 

to (WF 6 ) or boron trifluoride (BF 3 ). Other gases that 
can be used to deposit metals include trimethyl 
aluminum AI(CH3) 3 and tungsten hexacarbonyl W- 
(COe). It is . also possible to deposit other than 
metals on the surface of insulator 26 using the 

/5 present invention. For example, a gas such as 
disilane (Si 2 H 6 ) can be dissociated to deposit sili- 
con. 

Figs. 4A and 4B illustrate a technique in which 
the apparatus of Fig. 1 is used to etch very fine 

20 regions in the surface of the insulator 26. In this 
embodiment, the electrons emitted from pointed tip 
10 cause a negative charging of localized regions 
in the surface of insulator 26, as illustrated by the 
"minus" marks 48. By scanning pointed tip 10 

25 across the surface of insulator 26, localized trap- 
ping of the electrons occurs in the surface of layer 
26. If an oppositely charged gas, plasma or particle 
cloud, indicated by wavy lines 50 in Fig. 4B, is 
brought to the surface of layer 26, the localized 

30 charged areas can be etched to produce the fine- 
line etched regions 52. An example of an oppo- 
sitely charged gas or particle cloud which can be 
used to etch a negatively charged region in an 
insulator is (CF 3 )*. 

35 As an alternative in the technique illustrated in 
Figs. 4A and 4B, the oppositely charged gas or 
particle cloud can be one which will react with the 
localized charged regions 48 to cause decomposi- 
tion or dissociation of the gas or particle cloud to 

40 deposit a species only in the area showing the 
localized charges. An example of such a charged 
gasis(WFs)*). 

It will be recognized by those of skill in the art 
that charging of the surface of an insulator may not 

45 be desired in all cases. In order to eliminate accu- 
mulated electrons, the polarity of the voltage 
source 20 (Fig. 1) can be changed to attract any 
charging electrons located on the insulator surface. 
Thus, the net charge transferred to the insulator 

so surface over time may be zero. 

In the practice of this invention, it has been 
found that the applied voltages can be very small, 
typically less than 100 volts, and more typically 
less than about 40 volts. Because the electron 

55 beam is so narrow and because only low voltage 
electrons need be utilized, problems associated 
with conventional electron apparatus such as a 
scanning electron microscope (SEM) are avoided. 
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Further, the limitations attendant with a scanning 
tunneling microscope type of apparatus, as utilized 
in aforementioned U.S. Patents 4,550,257 and 
4,785,189, are avoided since a tunneling current 
and a highly conducting current return path are not 
required. The pointed tip of this invention can be 
used to provide high resolution patterns on insulat- 
ing substrates with resolutions not obtainable by 
conventional SEM-type apparatus. For example, a 
5000 V SEM cannot expose a resist layer with a 
resolution of 10 nm (100 A) because the electron 
beam cannot be focussed to 10 nm (100 A) at 
these voltages. In the apparatus of the present 
invention, however, a tip voltage of 5000 V can be 
used to expose a resist layer with 100 nm (100 A) 
resolution. 

In contrast with a conventional STM, the 
present invention can be used to scan an insulating 
substrate where the impedance of the entire cur- 
rent path is very high, being about 10 10 ohms and 
larger. With a conventional STM, the current neces- 
sary for feedback control having scanning would 
not be obtainable when the current path has these 
high impedances. 

While the invention has been shown with re- 
spect to particular embodiments thereof, it will be 
apparent to those of skill in the art that variations 
can be made therein without departing from the 
spirit and scope of the present invention. For ex- 
ample, those of skill in the art will foresee addi- 
tional applications of this technique to produce 
many different structures, some of which may be 
novel. 

Claims 

1. A method for producing fine linewidth patterns 
on an insulating substrate, preferably a thick 
electron or ion sensitive resist layer, compris- 
ing the steps of: 

bringing to close proximity an insulating sub- 
strate and a pointed tip, said pointed tip being 
connected to a spring-like cantilever and elec- 
trically connected to a voltage source, 

applying a voltage to said pointed tip to emit 
charged particles therefrom, said charged par- 
ticles traveling to said insulator and affecting 
molecules at the surface or within said insula- 
tor, there being no highly conducting return 
path for said electrons through said insulating 
substrate, and 

moving said pointed tip and said substrate 
relative to one another to scan said tip across 
said substrate to thereby expose different 
areas of the substrate surface to said charged 
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particles. 

2. The method of claim 1, including the further 
step of applying a voltage of opposite polarity 

5 to said pointed tip to remove or neutralize 

charge on the surface of said insulating sub- 
strate. 

3. The method of claim 1, including the step of 
10 providing a cloud of gas molecules between 

said pointed tip and said insulating substrate, 
or on said insulating substrate said gas mol- 
ecules being decomposable or dissociable by 
electrons or ions emitted from said pointed tip. 

15 

4. A method for producing fine linewidth patterns 
on an insulating substrate, including the follow- 
ing steps: 

20 bringing to close proximity an insulating sub- 

strate and a conductive pointed tip, said point- 
ed tip being connected to a spring-like cantile- 
ver and a voltage source, 

25 emitting electrons from said pointed tip by 

applying a voltage thereto, there being no 
highly electrically conductive return path for 
said electrons through said substrate, said 
electrons traveling to said substrate and pro- 

30 ducing a negatively charged localized region 

on the surface of said substrate, 

exposing said negatively charged localized re- 
gion to a positively charged gas or particle 

35 ClOUd, 

reacting said positively charged gas or particle 
cloud at said localized negatively charged re- 
gion of said substrate surface to etch said 
40 insulator layer at said charged region to pro- 
duce a fine linewidth recess in said insulator, 

moving said pointed tip and said insulating 
substrate relative to one another and repeating 
45 said steps to create another fine linewidth re- 

cess in the surface of said insulator. 

5. A method for producing a fine linewidth pattern 
in the surface of an insulating substrate, includ- 

50 ing the following steps: 

bringing to close proximity an insulating sub- 
strate and a conductive pointed tip, said point- 
ed tip being connected to a conductive spring- 
55 like cantilever and to a voltage source, 

applying a voltage to said pointed tip to emit 
electrons therefrom, said electrons traveling 
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from said pointed tip to said insulating sub- 
strate, there being no highly electrically con- 
ductive path for electrons through said sub- 
strate, 

5 

exposing a localized region of the surface of 
said insulating substrate to said electrons to 
produce a local negatively charged region of 
said insulator, 

10 

exposing said negatively charged localized re- 
gion to a positive gas or particle cloud, 

reacting said positive gas or particle cloud at 
said negatively charged localized region to de- is 
posit a constituent of said gas or particle cloud 
at said localized region to thereby produce a 
fine linewidth pattern, 

providing relative motion between said insulat- 20 
ing substrate and said pointed tip and repeat- 
ing the heretofore mentioned steps to create a 
fine linewidth pattern at another location on 
said insulator substrate. 

25 

6. An apparatus for exposure of a nonconductive, 
electron-sensitive resist layer, preferably at 
least 5 nm (50 A) thick, located on an insulat- 
ing substrate, comprising the following compo- 
nents: 30 

a conductive pointed tip connected to a con- 
ductive spring-like cantilever, 

a voltage source electrically connected to said 35 
pointed tip through said cantilever, 

displacement means for producing relative mo- 
tion between said pointed tip and said insulat- 
ing substrate, ao 

means for activating said voltage source to 
produce a fine pattern of electrons emanating 
from said pointed tip, said electrons traveling 
to said insulating resist layer, there being no 45 
highly conducting electrical return path for said 
electrons through said resist or said insulating 
substrate, and 

means for adjusting the distance between said 50 
pointed tip and said insulating resist layer. 

7. The apparatus of claim 6, where said resist 
layer is comprised of a first thin electron-sen- 
sitive resist layer and a second thick resist 55 
layer. 

8. The apparatus of claim 6, where said pointed 



tip and said spring-like cantilever are portions 
of a single doped semiconductor material, 
preferably silicon or a semiconducting dia- 
mond. 

9. In combination, a pointed tip of nanometer 
radius sharpness, 

said tip being comprised of a conductive ma- 
terial, 

a conductive, spring-like cantilever connected 
to said pointed tip, 

a voltage source connected to said cantilever 
for providing a voltage at said pointed tip, 

a substrate comprised of an insulating material, 
there being no highly conducting path for elec- 
trons through said substrate, 

displacement means for producing relative mo- 
tion between said pointed tip and said sub- 
strate to scan said tip relative to said substrate 
in an X-Y plane, 

further displacement means for producing rela- 
tive motion in a 2-direction between said tip 
and said substrate to vary the tip-to-substrate 
distance to thereby establish the Z coordinate 
of said pointed tip for a succession of X-Y 
displacements. 

10. The combination of claim 9, where said point- 
ed tip and said cantilever are an integral unit of 
the same material, preferably where said ma- 
terial is a doped semiconductor, chosen from 
the group consisting of silicon and diamond. 

11. The combination of claim 9, where the circuit 
impedance of said insulating substrate conduc- 
tive tip and conductive spring-like cantilever is 
greater than about 10 10 ohms, preferably 
where said pointed tip is spaced from the 
surface of said substrate and has a sufficient 
voltage thereat to cause field emission of elec- 
trons from said pointed tip, more preferably 
where said substrate includes an electron-sen- 
sitive resist layer which is exposed by said 
electrons, 

12. The combination of claim 9, where said sub- 
strate includes a layer of ion or electron sen- 
sitive resist. 
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